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2,826,637 
AUTOMATICLEVEL EQUALIZER 

Walter K. MacAdam, Denver, Colo., assignor to Ameri 
can Telephone and Telegraph Company, a corporation 
of New York 

Application November 14, 1952, Serial No. 320,559 
4 Claims. (C. 179-15). 

This invention relates to multichannel carrier systems 
and more particularly to automatic level equalization 
therefor. - 

An object of the invention is to overcome level differ 
ences between carrier channels operated on differen 
pairs. . 

Another object is to reduce level differences between 
like channels transmitted in one direction to thereby low 
er the cross-talk. 
A feature of the invention is a circuit which samples 

the carrier amplitude or level at one point of a pair, pref 
erably at a channel dropping point, and adjusts the chan 
nel level in another pair to equality therewith for the pur 
pose of maintaining equal levels in one direction of trans 
mission regardless of weather changes. . . . . . . 
Another feature of the invention is a multichannel 

carrier System having a carrier filter and a level sampling 
circuit connected between adjacent pairs, which responds 
to losses in one pair produced by weather changes, to re 
duce the level differences and maintain equal levels for 
one direction of transmission. - 
Another feature of the invention is a two-way multi 

channel carrier system operating over pairs, wherein lev 
el differences between pairs are reduced and amplitudes 
at corresponding points maintained equal by a level sam 
pling circuit in one pair, which controls the outgoing lev 
el of a channel therein in accordance with the received 
level and thereby reduces cross-talk. 

In accordance with an embodiment of the invention, 
channels of a multichannel carrier system are transmit 
ted on Separate pairs and maintained at equal levels for 
one direction of transmission by a level sampling cir 
cuit operating on carrier power and providing a signal 
voltage to reduce the level differences. These differences 
may normally exist between two pairs at a channel drop 
ping point due to changing weather conditions beyond 
the point and the level sampling circuit may be connected 
between pairs having coterminus terminals at one end 
only. In the case where pairs are coterminus at both 
ends, automatic level equalization may be provided at 
an intermediate station or terminal by level sampling 
circuits in one pair, which controls the outgoing level of 
a channel in accordance with the received level to reduce 
cross-talk. 

Fig. 1 is an explanatory schematic of multichannel 
pairs with level differences engendered by changing weath 
er conditions; 

Fig. 2 is a schematic diagram of an automatic level 
equalization circuit in accordance with the invention op 
erating between such pairs; 

Figs. 2A and 2B are circuit diagrams of alternative 
forms of this circuit; 

Fig. 3 is a block schematic diagram of another form 
of automatic equalization circuit associated with an in 
termediate station located in one pair only; and 

Fig. 3A is a schematic circuit diagram of a modified 
form of the circuit shown in Fig. 3. 

Fig. 1 represents an explanatory schematic of two 
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2 
similar carrier channels operated on different pairs, re 
spectively, to illustrate the nature of the level differences 
developed therebetween. 

Pairs 1 and 2 are coterminus at one end only, for ex 
ample, at the west terminal A of the line. Pair 1 ex 
tends from A to C, whereas pair 2 extends only from A 
to an intermediate point B. 

Since the west terminals are coterminus and since they 
are assumed to transmit at the same fixed levels, it is 
obvious that the carrier levels at corresponding points 
between A and B will be the same regardless of changes 
in line loss due to weather. 
On the other hand, this is not the case for carrier 

levels transmitted from the east terminals toward the 
west. Even if the transmitting level of the east terminal 
on pair 2 were reduced so as to equal the level at point 
B on pair 1 for one weather condition, this equality could 
not be maintained, as the levels would differ consider 
ably as the weather changed in the region B-C from 
dry to wet or sleet conditions. Such level changes would 
result in impairment of cross-talk performance from the 
higher level to the low level channel. For this reason, it 
has been customary, heretofore to provide a repeater in 
pair 1 at B whereby the levels are equalized and cross 
talk suppressed. . 

Fig. 2 shows a circuit in accordance with the inven 
tion for automatically equalizing the levels in the afore 
imentioned pairs (Fig. 1) and thereby dispensing with the 
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to effect an adjustment in the output of the east terminal 
located in pair 2 whereby the levels (E-W) are main 

provision of an additional repeater. 
At point B, the automatic equalization circuit 20 serves 

tained equal for all weather conditions. The resulting 
savings may be considerable particularly where a num 
ber of like channels on other pairs are involved, extend 
ing from A to C or to any points beyond B. It should 
be appreciated that the automatic equalization circuit is 
equally applicable to repeaters as well as to terminals. 
As shown in Fig. 2, the automatic equalization cir 

cuit 20 comprises a carrier pick-off filter 21 and a level 
sampling circuit 22 bridged or otherwise connected to 
the through carrier pair 1 at intermediate point B. The 
sampling circuit measures continually or periodically the 
-levels in pair. 1, either of pilot frequencies or transmitted 
carrier picked off by filter 21 at location B. 
The sampling circuit 22 at its output provides a sig 

nal which controls the carrier output level of the east 
terminal on pair. 2, so that line levels. are kept approxi 
mately equal regardless of changes in weather conditions. 

This control can be exercised by measuring the level 
in pair with respect to a "bias-standard,” as shown in 
Fig. 2A. Here the difference between the carrier level 
and the standard is utilized in making corrective changes 
in the output of the east terminal of pair 2, i.e., by con 
trolling the gain bias of its amplifier 24. 

Fig. 2B shows an alternative control wherein the out 
put of the sampling circuit 22 may be rectified and the 
resulting direct current signal may be applied to control 
a variable gain or loss network connected to transmit 
ting amplifier 24. 

Fig. 3 show a modified form of automatic equalization 
circuit. Here the level sampling is derived from a two 
way terminal station arranged for dropping and reinsert 
ing one or more carrier channels and located at inter 
mediate point B on pair 2. The dropped channels are 
blocked by the "blocking filter' which passes the through 
channels. 
The pairs 1 and 2 are coterminus at their east and 

west terminals, respectively, and pair 2 has a two-way 
terminal station located at intermediate point B. Equal 
ized levels are to be established at the points indicated by 
arrows P, Q, 
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Here a sampling circuit 31 is connected into receiving 
terminal 34 to provide a direct current control as afore 
mentioned, which is then applied to the output 35 of 
transmitting terminal 36 for automatic level equalization. 
Thus the level of the outgoing signals from the interme 
diate point is made the same as the level of signals then 
present at the same point on pair 1. 
A similar sampling circuit 31' operates similarly for 

the opposite direction, as indicated. 
The terminal stations shown in Fig. 3 may be of well 

known construction utilized in multichannel carrier sys 
tems, each being provided with a receiving and transmit 
ting terminal for two-way operation. 

Fig. 3A illustrates an arrangement in which the con 
trolled quantity is derived from the automatic volume 
regulation equipment usually provided in multi-channel 
carrier systems, thus eliminating the need for channel 
carrier pick-off filters. More specifically, the terminals 
of Fig.: 3 may be of the form disclosed in the multichan 
nel open-wire carrier system disclosed in the U.S. ap 
plication Serial No. 264,098 of R. S. Caruthers and E. K. 
Van Tassel, filed December 29, 1951, now Patent 
2,695,927, November 30, 1954. In such a system, the 
level sampling can be expeditiously obtained from a 
regulated amplifier in the group receiving circuit or from 
the regulated amplifier of the repeater station: disclosed 
therein as illustrated in Fig. 3A. 
As shown in Fig. 3A the total carrier power received 

from the openwire line 37 is amplified by a receiving am 
plifier A whence, a portion thereof is rectified and san 
pled at X. The direct current control thus obtained is 
applied to the regulating amplifier and to the transmit 
ting amplifier TR in the manner previously described for 
automatic equalization of levels. For the opposite di 
rection of transmission, a similar level equalization cir 
cuit is used, as shown in Fig. 3A. 

In the event that the sampling circuits are interrupted 
as a result of line trouble or similar conditions, it may be 
desirable to incorporate known level holding circuits 
which will permit only gradual level changes resulting 
from line-loss variations to operate the sampling circuit. 

It should be appreciated that other forms of level Sam 
pling and control circuits may be used without depart 
ing from the spirit of the invention. For example, the 
control voltages may be derived from samples takenin 
dividually from:separate pairs and appropriately.com 
bined in a network for reducing the level differences 
aforementioned. 
What is claimed is: 
1. An automatic level equalization circuit to reduce 

cross-talk between pairs comprising carrier terminal star 
tions and a pair of lines of unequal lengths, each line 
connecting a pair of terminal stations for two-way trans 

4. 
mission of an individual carrier therebetween, a receiver 
having a channel carrier pick-off filter, means for sam 
pling the amplitude of carrier waves on one of said lines, 
a transmitter connected to the other line at a point coter 

5 minus with said receiver, and means for adjusting the 
output of said transmitter in accordance with said sam 
pling current to maintain equal levels at like points on 
said lines located between said receiver and coterminus 
terminal stations. 

2. An automatic equalization circuit for multichannel 
carrier systems comprising two pairs of unequal lengths 
having coterminus terminals at one end only, a channel 
carrier pick-off filter for selecting a carrier frequency at 
an intermediate point from one pair, a level sampling cir 
cuit connected to said selecting means, a rectifier in said 
sampling circuit and providing a control current, a termi 
nal station in said second pair at said intermediate point, 
and means for applying said control current to the last 
named terminal station, whereby the levels of said lines 
are equalized for one direction of transmission regard 
less of changes in weather conditions. 

3. The structure of claim2, wherein said control cur 
rent is derived from the difference in carrier amplitudes 
ion said pairs at the intermediate point and a variable 
gain amplifier in the last-named terminal station having 
its gain bias controlled by said difference. 

4. In a carrier transmission system operating over 
transmission lines of different length but adjacent in their 
coextensive, region, a transmitter at that terminal of the 
longer line remote from the shorter line and transmit 
ting signals on a carrier of predetermined frequency, a 
transmitter at that terminal of the shorter line interme 
idiate the terminals of said longer line and transmitting 
signals on a carrier. of said predetermined frequency, 

35 means for sampling the amplitude of the carrier waves 
on said longer line at a point thereon coterminus with 
said transmitter of the shorter line, means responsive to 
the deviation of the sampled amplitude of the carrier 
Waves on said longer line from a predetermined standard 

40 for regulating the amplitude of the carrier output level 
-of said transmitter, on said shorter line to maintain equal 
the levels at said predetermined carrier frequency in the 
coterminus sections of said two lines thereby reducing 
cross talk between said lines at said predetermined car 4 rier frequency. 
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